In Silico Biology xx (20xx) x-xx Abstract. Moonlighting refers to a protein with at least two unrelated, mechanistically different functions. As a concept, moonlighting describes a large and diverse group of proteins which have been discovered in a multitude of organisms. As of today, a systematized view on these proteins is missing. Here, we propose a classification of moonlighting proteins by two classifiers. We use the function of the protein as a first classifier: activating -activating (Type I), activating -inhibiting (Type II), inhibiting -activating (Type III) and inhibiting -inhibiting (Type IV). To further specify the type of moonlighting protein, we used a second classifier based on the character of the factor that switches the function of the protein: external factor affecting the protein (Type A), change in the first pathway (Type B), change in the second pathway (Type C), equal competition between both pathways (Type D). Using a small two-pathway model we simulated these types of moonlighting proteins to elucidate possible behaviors of the types of moonlighting proteins. We find that, using the results of our simulations, we can classify the behavior of the moonlighting types into Blinker, Splitter and Switch. 6 7 8 9 10 11 12 13 14 15 16
. Two examples of moonlighting proteins. A) Aconitase is a TCA cycle enzyme from Mycobacterium tuberculosis, which can bind mRNA upon iron depletion [7] [8] [9] . B) Hexokinase in yeast cells has been found in the nucleus, binding the transcription factor Mig1 [16, 17] . thesized membranes (Fig. 1b ). This way DLA2 links Table 1a Classification of moonlighting proteins by their function in pathway A (primary function) and pathway X (secondary function)
Activating in
Inhibiting Pathway A Pathway A Activating in Pathway X Type I Type III Inhibiting in Pathway X Type II Type IV A protein is seen as either being and activator or an inhibitor in one of these pathways. See Figs. 3-6 for network examples and simulations. Type II in one case and could be defined as Type 150 III in another case.
151
The classification into sub-classes based on the 152 mechanism of switching the function of the moon-153 lighting protein means that it will make a difference 154 for the regulation of the network whether the moon-155 lighting protein is as an inhibitor or an activator in its 156 primary function. Fig. 2 was used as a starting point for building Fig. 2 . Representation of the simple network model used to classify and simulate moonlighting proteins. The model has two pathways, named pathway A and pathway X. A moonlighting protein M has a function in both pathways and can switch between these. The final products of the pathways, C and Z, are used to assess pathway behavior. For type II.C (Fig. 4, third row) the inhibition 321 occurs by M binding to Y and thereby sequester-322 ing it. This reaction is reversible and self-enforcing.
323
The self-enforcement is the switching reaction and is where it is essential as an enzyme to convert B to 327 C and therefore to a decrease in concentrations of C.
328
The effect of the inhibition on Z strongly depends on 329 the rates of the formation of the complex YM and its 330 disassembly.
331
A similar behavior for the concentrations of C can 332 be seen in type II.D (Fig. 5, lowest row) . Here, the 361 in pathway A and activating in pathway X 362 Type III is the inverted case of type II. The 363 moonlighting protein is inhibiting in pathway A and 364 activating in pathway X (Fig. 5 ).
Type III moonlighting proteins are inhibiting

365
For type III.A (Fig. 5, upper 
375
As for the other type B moonlighting proteins, 376 also for type III.B (Fig. 5, second row) In type III.C (Fig. 5, third row) M is now more likely to bind Y, the production of Z 389 also increases.
390
In the case of equal competition in type III.D 391 (Fig. 5, lowest row) , the activation of the second path-392 way also leads to a spike in C due to the release from 393 inhibition and a rapid activation of the production 394 of Z. The moonlighting proteins of type IV are inhibiting 411 in both pathways (Fig. 6) . The mechanism of inhi-412 bition is the same for all four types in this group.
413
The moonlighting protein binds B and Y to form the 414 complexes BM and YM, which sequesters B and Y 415 from the pathway reactions.
416
For type IV.A (Fig. 6, upper to pathway X, the production of C increases and the 424 concentration of Z increases, as the pathway becomes 425 active.
426
In type IV.B (Fig. 6, second row) the switch-427 ing reaction is the same as in the other type B 428 moonlighting proteins. Also here, the concentra-429 tion of C decreases, as does the concentration of Z, as the moonlighting protein inhibits its 431 production.
432
The type IV.C (Fig. 6, third row) moonlighting 433 protein shows a different behavior. As the inhibi-434 tion is released from pathway A, the production of 435 C increases, while simultaneously the production of 436 Z decreases. This effect becomes stronger the more 437 moonlighting protein is available.
438
For type IV.D (Fig. 6, lowest row) a behavior simi-439 lar to type IV.A could be observed. The first pathway 440 shows a slight increase, once the second pathway is 441 activated. This is due to the release from inhibition.
442
The second pathway is activated, but partly inhibited 443 and can only slowly overcome this inhibition. Fig. 7) . The classification of these categories was 456 inspired by [24] , but needed to be adapted for moon-457 lighting proteins. A switch is here classified as a 458 moonlighting protein, which deactivates or activates 459 a pathway.
460
A Blinker leads to a short burst or drop in pathway activity, after which the levels of the measured component (here C and Z) return to the same steady state as before the switch of the moonlighting protein. This is due to the fact, that the total amount of M stays constant. The total amount of M is given by
where M free is the amount of free moonlighting pro- 
463
A splitter splits its activity between two pathways.
464
Some moonlighting effects were also classified as 465 having no effect on the pathway.
466
Type I moonlighting proteins show very interesting 
Discussion
524
Moonlighting is a concept used to describe pro- 
549
Failure to assign a moonlighting protein to a type was 550 due to missing information. Especially the switching 551 factor is unknown in many cases. The behaviors observed in the simulations are pos-
Materials and Methods
635
The simulations were performed using the Stisimulation results was done using the numpy package
